The pathologic changes of Alzheimer disease (AD) evolve very gradually over decades before the disease becomes clinically manifest. Thus, it is not uncommon to find substantial numbers of AA plaques and neurofibrillary tangles in autopsy brains of older subjects with documented normal cognition, a state that we define as asymptomatic AD (ASYMAD). The goal of this study is to understand the morphometric substrate of ASYMAD subjects compared with mild cognitive impairment and definite AD cases. We used designed-based stereology to measure the volumes of neuronal cell bodies, nuclei, and nucleoli in 4 cerebral regions: anterior cingulate gyrus, posterior cingulate gyrus, primary visual cortex, and CA1 of hippocampus. We examined and compared autopsy brains from 4 groups (n = 15 each) of participants in the Baltimore Longitudinal Study of Aging: ASYMAD, mild cognitive impairment, AD, and age-matched controls. We found significant hypertrophy of the neuronal cell bodies, nuclei, and nucleoli of CA1 of hippocampus and anterior cingulate gyrus neurons in ASYMAD subjects compared with control and mild cognitive impairment cases. In the posterior cingulate gyrus and primary visual cortex, the hypertrophy was limited to the nuclei and nucleoli. The hypertrophy of cortical neurons and their nuclei and nucleoli in ASYMAD may represent an early reaction to the presence of neurotoxic AA or tau, or a compensatory mechanism that prevents the progression of the disease into dementia.
INTRODUCTION
The neuropathologic hallmarks of Alzheimer disease (AD) are A-amyloid deposits, neuritic plaques (AA plaques), neurofibrillary tangles (NFTs), neuropil threads, and the degeneration of vulnerable neurons and their synapses (1Y7). These pathologic changes accumulate gradually over decades before becoming clinically evident. Thus, it is not uncommon to find substantial numbers of AA plaques and NFTs in the autopsy brains of older subjects with normal cognition documented shortly before death (8Y13). These observations have suggested 2 explanations: 1) that AD has a Bsilent phase[ preceding by years or decades the appearance of any cognitive impairment until the functional threshold for effective neuronal functioning is overwhelmed by the AD pathology (14) ; or, alternatively, 2) the Bcognitive reserve hypothesis[, which postulates that some individuals have brains that are able to compensate for or resist the neuronal and synaptic derangements of AD (15Y17). In the present study, we defined asymptomatic AD (ASYMAD) as the status of subjects with preserved cognition assessed less than a year before death but with identifiable AD pathology at autopsy, that is, a Consortium to Establish a Registry for Alzheimer_s Disease (CERAD) neuritic plaque score of A or higher (18) and a Braak NFT score of III or higher (19) . Subjects with similar status have been described in the past as Bpreclinical[ AD stage (20) or Bhigh pathology control[ state (21) . We prefer the term ASYMAD because we do not know a priori whether these subjects would have remained cognitively intact or eventually would have progressed to mild cognitive impairment (MCI) or AD dementia if they had lived longer.
In a previous study (22) , we showed that ASYMAD is characterized by nuclear hypertrophy of the CA1 of hippocampus (CA1) and anterior cingulate gyrus (ACG) neurons compared with age-matched controls, and that the nuclear hypertrophy of neurons was not present in the brains of patients with MCI or definite AD. In the present study, one goal was to determine whether the hypertrophy of neuronal nuclei is limited to the ACG and hippocampus or is also present in other regions by studying a larger sample of brains. We tested the hypothesis that the nuclear hypertrophy of cortical neurons has a hierarchic distribution consistent with the morphologic progression of AD, that is, as demonstrated by neuropathologic (18) and neuroimaging studies (23Y28), there is early involvement of anterior cingulate and late involvement of occipital cortex in AD. A second goal was to examine whether the neuronal changes in ASYMAD are limited to the nucleus or involve other neuronal compartments such as the cell body and nucleolus. Therefore, we extended our analysis to the posterior cingulate gyrus (PCG) and the primary visual cortex (PVC) of age-matched controls, ASYMAD, MCI, and definite AD subjects. Specifically, we examined the ACG (Brodmann Area 24), the PCG (Brodmann Area 23), the PVC (Brodmann Area 17), and the CA1. In each of these regions, we used designed-based stereology to measure the mean volumes of neuronal cell bodies, nuclei, and nucleoli throughout the entire thickness of the cortical mantle. Our measurements did not address changes in specific cortical layers or cytoarchitectonic subregions such as those described in the cingulate cortex (29, 30) .
MATERIALS AND METHODS

Baltimore Longitudinal Study of Aging and Autopsy Program
The subjects examined in this study were all participants in the autopsy program of the Baltimore Longitudinal Study of Aging (BLSA) (31) . Participants in this study agree to follow up at specific intervals until their death and give consent for eventual autopsy. The ongoing mean age at the time of the enrollment in the BLSA is 62.9 years. The local institutional review board approved BLSA protocols and the associated autopsy program, and all participants gave written informed consent prior to each assessment. The larger proportion of men in the sample reflects the composition of the BLSA participant cohort that was limited to men until 1978.
Clinical and Neuropsychological Evaluations of the BLSA
Baseline evaluations for each subject entering in the BLSA study were performed by a neurologist to document a history of cerebrovascular disease, focal neurologic abnormalities, and impairment of cognitive or behavioral functions due to secondary causes or medical treatments. After the age of 75 years, physical and cognitive assessments were performed annually. The evaluation included a neuropsychological battery (32) , neurologic examination, medication review, and informant-/subject-structured interview. The latter was based on the Clinical Dementia Rating scale (33, 34) for the years between 1998 and 2005 and the Dementia Questionnaire (35) prior to 1998. All subjects were followed annually and were reviewed at a diagnostic consensus conference if their Blessed Information Memory Concentration score (36) was 3 or greater, if their informant or subject Clinical Dementia Rating score was 0.5 or greater, or if their Dementia Questionnaire was abnormal. All subjects, regardless of the screening tests, were evaluated at a diagnostic conference at the time of entry into the autopsy program and at withdrawal or death. The full panel of neuropsychological diagnostic tests and clinical data were available for review at the diagnostic conference. Diagnosis of dementia was based on Diagnostic and Statistical Manual of Mental Disorders, Revised Third Edition criteria (37) . A diagnosis of cognitive impairment not meeting criteria for dementia, defined as MCI, was based on the Mayo Clinic criteria (38) . Accordingly, the diagnosis of MCI was given to subjects who had deficits limited to 1 or 2 areas of cognition (usually memory), with preservation of normal activities of daily living compared with other people of similar age.
Neuropathology Methods and Diagnostic Criteria
All brains were examined in the Division of Neuropathology of the Johns Hopkins University. After weighing and external examination, the right hemibrain was cut in 1-cm coronal slabs and frozen at j80-C. The left hemibrain was fixed in 10% buffered formaldehyde for at least 2 weeks and then cut coronally. For diagnostic purposes, tissue blocks were dissected from middle frontal gyrus, superior and middle temporal gyri, inferior parietal cortex, occipital cortex, entorhinal cortex, amygdala, thalamus, basal ganglia, and cerebellum. For the specific aims of the present study, we also examined the ACG, PCG, PVC, and CA1. Tissue blocks were processed and embedded in paraffin, cut at 10 Km, and stained with hematoxylin and eosin and Hirano silver method (39) for diagnostic purposes. The severity of neuritic plaques was assigned a semiquantitative and age-adjusted score (0, A, B, or C) according to CERAD (18) . The NFT stage was assigned a score (0YVI) according to Braak (19) 
Definition of Study Groups
Based on the clinical diagnosis within the last year of life and the neuropathologic evaluation, the brains were divided into 4 groups.
Age-Matched Control Subjects
The control subjects (n = 15) had no history of cognitive and/or behavioral deficits, cerebrovascular disease, or alcohol/drug abuse. On neuropathologic evaluation, the brains showed no diffuse AA plaques or neuritic plaques on Hirano silver stains. Accordingly, the CERAD neuritic plaque score was 0. Neurofibrillary changes were confined to transentorhinal, entorhinal cortex, and hippocampus; thus, their Braak NFT scores ranged between 0 and II.
ASYMAD Subjects
The ASYMAD subjects (n = 15) had no history of behavioral deficits, cerebrovascular disease, or alcohol/drug abuse, and were cognitively intact through the last cognitive and physical evaluation within 1 year before death. On neuropathologic evaluation, the brains showed diffuse and neuritic AA plaques, and CERAD neuritic plaque scores were B or C. The NFT Braak scores ranged from 0 to IV.
MCI Subjects
The MCI subjects (n = 15) had no history of cerebrovascular disease or alcohol/drug abuse but had impairment in either a single cognitive domain (typically memory) or 2 domains. They did not, however, manifest functional loss in activities of daily living. All MCI cases showed neuritic AA plaques with CERAD scores in the A to B range and NFT in Braak stages of 0 to IV. The brains were free of other potential causes of cognitive decline.
AD Subjects
The AD subjects (n = 15) were patients who had received a clinical diagnosis of dementia according to the Diagnostic and Statistical Manual of Mental Disorders, Revised Third Edition criteria and of probable AD according to the National Institute of Neurological Diseases and Stroke-Alzheimer_s Disease and Related Disorders Association criteria (40) . The neuropathologic examination of these subjects showed neuritic AA plaques with CERAD scores of B to C and NFTs with Braak stages of II to VI. The brains were free of other potential causes of cognitive decline.
Based on the variability of the neuronal cell bodies and nuclear volumes observed in our previous study (22) , we examined 15 brains per group. To avoid a selection bias, we selected the first 15 consecutive BLSA autopsy brains that fulfilled the group criteria previously described. Demographic data for the 4 groups, including clinical and neuropathologic information, are summarized in Table 1 . Table 2 lists the cause of death for subject in all groups. Cylindrical punches of formalin-fixed tissue (4-mm diameter and 10-mm long), including gray and subjacent white matter, were taken perpendicular to the brain surface from Brodmann Area 24 at the level of the genu of the corpus callosum (ACG), from Brodmann Area 23 at the level of the splenium of the corpus callosum (PCG), and from Brodmann Area 17 at the calcarine fissure (PVC) recognized by visualization of the stria of Gennari (Fig. 1) . Vertical histologic sections, in which the orientation around the vertical axis is isotropic and the position is random, were cut according to Howard (41) and Baddeley et al (42) . The tissue cylinders were longitudinally cut in 2 halves, processed and embedded in paraffin, cut serially at 50 Km (yielding~20 sections), and stained with cresyl violet (43) .
CA1 Region
The hippocampus was already serially sectioned on the coronal plane at 50-Km thickness. For this study, we selected 2 sections at the level of the lateral geniculate body, 500 Km apart, and stained them with cresyl violet. The CA1 region was defined according to Lorente De Nó (44) .
Unbiased Stereological Measurements
For the stereological analysis, we examined a subset of 10 alternate sections for ACG, PCG, and PVC, and 2 sections (500 Km apart) of CA1 with a light microscope using a 100Â, NA 1.30, oil Uplan FL V/0.17 objective. The images were captured with a Hitachi (Tokyo, Japan) HV-C20 3CCD video camera. Using the StereoInvestigator Optical Disector software from MicroBrightField, Inc. Biosciences (Williston, VT) (45), we outlined a contour of cortical gray matter and selected sampling sites with a 700 Â 700-Km grid for the ACG, PCG and PVC, and a 250 Â 250-Km grid for the CA1. The disector (46), we placed 4 rays through the center of the nucleolus and marked the intersections of these rays with the edge of the nucleolus, the nuclear membrane, and the cell membrane. Based on these measurements, the software calculates the volumes of the nucleolus, nucleus, and cell body, respectively (47) . If a ray extended into a dendrite, the ray was cut at the base of the dendrite. Neurons were measured irrespective of their shape and cortical layer localization, that is, the entire cortical thickness, including all cortical layers and all types of neurons (pyramidal and nonpyramidal), was sampled. We measured between 201 and 280 neurons per region in each brain. Neurons were measured if their nuclear membrane intersected or touched the inclusion (green) line and excluded if their nuclear membrane intersected or touched the exclusion (red) line. The neurons measured were selected with optical dissectors so that the selection was number-weighted, not size-weighted.
Statistical Analytic Methods
Analyses were performed using SAS 9.1 software (Cary, NC) (48) . One-way analyses of variance were conducted for the mean volumes of the neuronal cell body, nucleus, and nucleolus in the examined regions to compare the controls group with ASYMAD, MCI, and AD groups.
Comparisons between the ASYMAD and MCI groups were also made. In addition, we calculated the volumetric percentage change of the neuronal body, nucleus, and nucleolus of each group with respect to the controls. Oneway ANOVA was also performed to compare the neuronal cell body volumes among the 4 different anatomic regions in the controls. One-way ANOVA was performed to compare demographic variables and brain weights.
To compare the severity of pathologic lesions of AD among the groups, we used categoric CERAD neuritic plaque and Braak NFT scores. The Fisher exact test was used to examine differences in the proportions of pathologic stages among the different groups.
RESULTS
Statistical analyses did not show significant differences among groups for mean age, brain weight, postmortem delay, or interval of time between last cognitive assessment and death (Fig. 2) . In particular, the means for these intervals expressed in years were 1.6 for AD, 0.5 for MCI, 0.7 for ASYMAD, and 0.6 for controls. These intervals are short and are similar for the last 3 groups and allow rigorous clinicopathologic correlations. The statistical analysis of the CERAD and Braak NFT scores using the Fisher test shows that the ASYMAD group is not significantly different from the AD group in CERAD neuritic plaque classification, whereas it is different in the Braak NFT staging. In contrast, the ASYMAD group is significantly different from the AD group for the Braak stages but shows the same scores distribution as the MCI group. Notably, the ASYMAD group, although comparable to MCI on Braak NFT staging, shows a more severe neuritic plaque score. Thus, it seems that the severity of AD lesions in ASYMAD is comparable to or even more severe than in MCI.
AD, Alzheimer disease; ASYMAD, asymptomatic AD; CERAD, Consortium to Establish a Registry for Alzheimer_s Disease; MCI, mild cognitive impairment; NFT, neurofibrillary tangle; NP, neuritic plaque. Table 1 , and comparisons among groups are shown in Table 3 . The neuritic plaque scores (CERAD) in the ASYMAD group were not significantly different from the AD group, but they were significantly higher compared with MCI subjects (p G .02). The NFT scores, however, were similar in ASYMAD and MCI. Based on these scores, the levels of AD neuropathology in ASYMAD seem comparable to those in MCI. Table 4 displays the percentage variations of the volumes for the cell body, nucleus, and nucleolus in ASYMAD, MCI, and AD groups compared with controls. In general, in the ASYMAD group, there was a significant increase in the volume of neuronal cell bodies, nuclei, and nucleoli of the anterior regions (CA1 and ACG) compared with controls (p G 0.0001 for cell bodies in CA1 and ACG; p G 0.0001 for nuclei in CA1 and ACG; p G 0.0001 for nucleoli in CA1 and ACG). In the MCI group, expanded volumes relative to controls were present only in the posterior regions (PCG and PVC). Accordingly, in ASYMAD, we observed a significant increase in the volumes of neuronal cell bodies, nuclei, and nucleoli in ACG and CA1 compared both with control and MCI groups. In more posterior regions (i.e. PCG and PVC), significant increases in volume were present only in the nuclei (p G 0.01 for PCG; p G 0.01 for PVC) and nucleoli (p G 0.001 for PCG; p G 0.01 for PVC) of ASYMAD compared with controls but were absent in the cell bodies. When we compared ASYMAD versus MCI, no volumetric differences were noted in PCG or PVC. All neuronal volumes were, however, significantly increased in the PVC of MCI compared with controls (p G 0.001 for cell body; p G 0.001 for nucleus; p G 0.01 for nucleolus; Fig. 3 ).
Severity of AD Lesions in ASYMAD and MCI
Consortium to Establish a Registry for Alzheimer_s Disease and Braak scores are shown in
Regional Differences in the Expansion of Neuronal Volumes in ASYMAD and MCI
Neuronal Atrophy in AD Subjects Compared With Controls
In the AD group, there was significant atrophy of neuronal cell body (p G 0.01), nucleus (p G 0.001), and nucleolus (p G 0.0001) only in CA1. Surprisingly, the nucleolar volume was still significantly enlarged in AD compared with controls in the PVC (p G 0.05).
Analysis of Regional Neuronal Volumes in Controls
To establish a baseline on the volumes of neurons across the different regions examined, we compared the mean volumes of neuronal soma in CA1, ACG, PCG, and PVC in controls. As expected, the largest volume corresponded to the pyramidal neurons of CA1, whereas the smallest volume was that of PVC neurons. The volumes of ACG and PCG were similar and intermediate between those of CA1 and PVC (Fig. 4A) .
Analysis of the Relationships Among the Volumes of the 3 Neuronal Compartments
To determine whether the changes in the volumes of cell bodies, nuclei, and nucleoli were interrelated, we compared the volumetric changes of these 3 compartments in the CA1 neurons of all study groups. We chose this brain region because it displayed the most prominent volumetric changes. We first analyzed the correlations between the volumes of cell bodies versus nuclei (R = 0.89) and of nuclei versus nucleoli (R = 0.88) for all subjects from the 4 study groups (Figs. 4B, C) . We also analyzed the individual groups Mean T SD values and percentages of control values for the cell body, nuclear, and nucleolar volumes in each group for each region: CA1, ACG, PCG, and PVC. Number of neurons is the mean number of neurons measured for each category. Significant differences relative to the control group are in bold (p G 0.01).
AD, Alzheimer disease; ACG, anterior cingulate gyrus; ASYMAD, asymptomatic AD; C, controls; CA1, CA1 of hippocampus; MCI, mild cognitive impairment; PCG, cingulate gyrus; PVC, primary visual cortex.
separately (data not shown). The latter analyses revealed linear correlations similar to those observed in the analyses of subjects from the 4 combined groups.
DISCUSSION
Previous morphometric studies of neurons in AD using either conventional (49) or stereological (50) methods have focused on the contrasts between the brains of demented and controls subjects. In the present study, we focus on morphometric differences between ASYMAD and MCI. Our observations demonstrate striking differences in neuronal volumes in ASYMAD and MCI. These findings occur in different brain regions at different stages, however, in a manner that is consistent with the progression of AD lesions throughout the cerebral cortex (18, 19) . In this context, it is important to emphasize that, although the ASYMAD and MCI groups diverge in cognitive performance, their pathologic changes of AD are similar with respect to neuritic plaques and neurofibrillary tangles (Table 1) . Moreover, these 2 groups are comparable in age, and the time lapse between the last clinical evaluation and death was less than 8 months in both groups.
Group Differences in Cell Body Volume
Our data confirm that in ASYMAD, there is hypertrophy of the nuclei in neurons of the ACG and CA1 compared with age-matched controls and MCI cases (22) . The most remarkable observation in differences in cell body volumes was the marked hypertrophy of the neuronal somata in ASYMAD compared both with MCI and controls. This finding may reflect the neuronal adaptations that allow subjects with ASYMAD to maintain normal cerebral function despite comparable numbers of AD lesions as in MCI cases. In ASYMAD, there are larger volumes of the neuronal somata both in ACG and CA1 but not in PCG or PVC. In contrast, a significant enlargement of the neuronal soma was only detected in PVC in MCI brains.
One possible interpretation of an increase in the mean volume of cell bodies in ACG and CA1 neurons in ASYMAD is that there is a selective loss of small neurons. However, because we know that the number of neurons in these subjects is stable at least in CA1 (51), true neuronal hypertrophy seems more likely. A caveat in the interpretation of the regional differences in neuronal hypertrophy, however, is the baseline size of neurons. To address this issue, we measured and compared the cell bodies of neurons in the 4 regions examined in controls. The mean volumes of neurons in ACG and PCG were not significantly different. Therefore, the presence of neuronal hypertrophy found in ACG, but not in PCG, cannot be attributed to differences in baseline neuronal size, and a more likely explanation is that differences in neuronal size reflect the regional progression of the pathologic processes of AD. We also observed a significant atrophy of the neuronal cell bodies in CA1 in AD but not in any of the other regions.
The lack of atrophy in 3 of the regions examined is surprising, but it may be attributable to the relatively early stage of AD cases in our sample, that is, the mean period between diagnosis of dementia and death was 3 years. Notably, although most AD cases had Braak NFT scores between IV and VI, the brain weights were not significantly different compared with controls. Our observations are consistent with a previous stereological study that found no significant difference between the sizes of the neuronal perikaryon in the neocortex of AD cases compared with controls (50).
Group Differences in Nuclear Volume
Our results indicate that in ASYMAD, the hypertrophy of neuronal nuclei is not limited to CA1 and ACG, as we reported previously (22) , but is also present in more posterior cortical regions (i.e. the PCG and PVC). In contrast, in MCI, there is significant nuclear hypertrophy only of the PCG and PVC but not in the ACG or CA1. Notably, in ASYMAD, the neuronal nuclei are significantly larger not only compared with controls but also to MCI. Different patterns in MCI and ASYMAD are remarkable because both groups have comparable AD pathologic changes. Thus, it seems that in ASYMAD, the nuclear enlargement is somehow related to the preservation of cognitive function despite the presence of AA plaques and neurofibrillary changes. Moreover, the difference in the regional expression of nuclear hypertrophy among ASYMAD, MCI, and controls is consistent with the notion that the pathologic changes of AD occur earlier in the ACG and CA1 than in the more posterior cortical regions (18) .
Group Differences in Nucleolar Volume
Although larger in magnitude, the differences in the volume of nucleoli parallel those of the nuclei and cell bodies. In ASYMAD, the nucleoli were significantly larger in ACG and CA1 but not in the posterior cortical regions. In MCI, a different pattern was observed, with nucleolar hypertrophy limited to PCG and PVC. The only instance of nucleolar atrophy was in cases of AD, in which there was significant atrophy of all neuronal compartments in CA1 but not in other regions.
Relations Among the Volumes in Neuronal Compartments
Consistent with a previous study of nuclear size in cortical neurons in AD (50), we observed a general concordance among the group differences in volumes of neuronal cell bodies, nuclei, and nucleoli. In ASYMAD and MCI, we identified expansion of these volumes, whereas in AD, we observed the opposite in the hippocampus. Changes in the 3 compartments, however, may not occur at the same time. For example, the hypertrophy of nuclei and nucleoli seems to precede the enlargement of the cell bodies. This is illustrated in the PCG and PVC in ASYMAD, in which we detected hypertrophy of neuronal nuclei and nucleoli in the absence of differences in cell body size. There is growing evidence in the literature that in neurons, there is a positive linear correlation among the size of the nucleolus, nucleus, and cell body (52) . Furthermore, the nucleolar volume appears as a sensitive indicator of the transcriptional and metabolic activities (53, 54) . Because we found a strong positive linear correlation among the volumes of the 3 neuronal compartments (Figs. 4B, C) , our analyses are consistent with these notions. In particular, nucleoli had the highest percent differences in volumes. Because the nucleolus is a key organelle for the synthesis, assembly, and production of ribosomes (55) , the nucleolar hypertrophy may reflect enhanced transcriptional and biosynthetic activities. Therefore, our observations of enlarged neuronal nucleoli, nuclei, and cell bodies in ASYMAD suggest that neurons in these subjects might have been able to enhance their metabolism and delay the pathologic effects of AD. The exact nature of this adaptation and its resilience over time is uncertain. In terms of the relation among specific AD lesions and changes in neuronal morphometry, the hypertrophy of nuclei and nucleoli in PVC cortex neurons occurs at a time when AA deposition and neurofibrillary/tau changes in that region are minimal or nonexistent. This apparent discrepancy can be explained by the exposure of these neurons to AD changes not directly by their perikarya in the PVC but by their projections in other cortical regions where AA and tau changes are already severe. The enlargement of the neuronal nucleolus, nucleus, and cell body in ASYMAD can be interpreted as the morphologic counterpart of cellular mechanisms that prevent the development of cognitive decline in some individuals despite the neurotoxic effects of AD lesions.
Neurobiologic Perspectives
The neurobiologic mechanisms underlying the observed hypertrophy of neuronal cell bodies, nuclei, and nucleoli in ASYMAD are unclear and are beyond the scope of this study. We can, nevertheless, formulate some possible explanations drawing from previous studies in experimental animals and humans. Studies in animal models have shown that the cell body sizes of neurons and their nuclei and nucleoli are plastic and can be influenced by exposure to sexual hormones (56, 57) , chemotherapeutic drugs (58) , and regeneration after axonotomy (59) or brain trauma (60) , as well as by learning and enriched environmental experiences (61) . Based on these observations, we postulate that in ASYMAD and MCI, the enlargement of nuclei and nucleoli is the expression of enhanced DNA and RNA synthesis necessary to sustain the repair of injured neurons and their processes and synapses. This latter notion is further supported by a recent study showing that in the frontal cortex of patients with MCI, there is a paradoxical upregulation of presynaptic boutons (62) . To sustain such synaptic upregulation, neurons may have to enhance their overall metabolism and expand the various compartments. Once neurons cannot sustain synaptic remodeling or upregulation, functional and clinical deficits may then emerge. A second possibility is that in ASYMAD, some neurons and circuits are damaged by the AD pathology, and alternative circuits become operative (63Y67). The development of these new circuits would also require additional biosynthetic activities. In this way, the circuitry of the cerebral cortex may remain functional despite the presence of AD lesions. Another alternative explanation for the enlarged neuronal compartments in ASYMAD is that these changes are a reaction to the neurotoxic effects of intracellular or extracellular AA-amyloid (68), or hyperphosphorylated-tau protein (69) . A final, although less likely, explanation for the observed morphometric findings can be that neurons are reentering the cell cycle, a phenomenon that has been proposed in AD (70, 71) .
CONCLUSIONS
We have shown that in ASYMAD, cortical and hippocampal neurons undergo significant hypertrophy of their cell bodies, nuclei, and nucleoli. Furthermore, these hypertrophic changes have a topographic gradient that follows the accepted progression of pathologic changes of AD throughout portions of the cerebral cortex. Hypertrophy of neurons in ASYMAD may represent a reaction to AA or tau long before the onset of cognitive decline or may constitute a surrogate for the activation of cellular processes in an attempt to forestall the progression of AD. Future understanding of the changes in gene or protein expression underlying the neuronal hypertrophy in ASYMAD may provide valuable clues to the pathogenesis and eventual therapy of AD.
